Brucellosis is generally acquired by the ingestion of raw milk and unpasteurized dairy products. As an infection model, chicken embryos (CE) were used to isolate Brucella abortus from milk cream of eight seropositive cows. One hundred CE, seven to nine day-old, were inoculated and divided into 10 groups of 10 each; eight of them inoculated with milk cream from seropositive cows, one served as a positive control using pasteurized milk infected with Brucella abortus, and one as negative control group. Brucella spp was not isolated from inoculums, but in CE liver and CAM, and by PCR in 3/8 (37.5%) seropositive cows cream milk and from positive control group indicating differences (p < 0.05) and model usefulness. In conclusion CE could be used as an infection model to demonstrate Brucella abortus from seropositive cows' milk.
INTRODUCTION
According with the World Health Organization (WHO) brucellosis is considered the most important known zoonosis and also causes huge economic loss in the affected countries (Mantur and Amarnath, 2008; WHO, 1997) . The main domestic animals susceptible brucellosis are those used by human for consumption such as cattle, goats, sheep and swine. Other domestic and wild mammals are susceptible too and could be considered as a transmission resources (Corbel, 1997; Rodríguez et al., 2001; Young, 1995) .
Usually, human acquires the infection accidentally by ingesting unpasteurized dairy products or by direct *Corresponding author. E-mail: dmartinez@uv.mx. Tel: +52 2299342075. Fax: +52 2299344053. contact with ill animals or their secretions (Young, 1995; WHO, 1997; Leal-klevezas et al., 1999; Rodríguez et al., 2001; Corbel, 2006) .
In Mexico, the diagnosis of brucellosis is done by serologic tests (card, rivanol, complement fixation and milk ring tests) and bacterial isolation, which is considered as the gold standard to demonstrate the presence of the bacteria (Rodríguez et al., 2001; SAGDR, 1996) . Conventional serologic tests used until now in campaigns against brucellosis despite its high sensibility, have limitations because sometimes a few animals are unable to react against them constitute a continuing risk for men because they are not detected (Leal-klevezas et al., 1999; López et al., 1991; 1992) .
Isolation of B. abortus is done very often using selective culture medium like Farrell and Thayer -Martin and also performed using a general culture medium containing triptose and enriched with serum or hemolyzed blood and then added with specific antimicrobials (Marin et al., 1996; OIE, 2004) . In bovines, sheep and goats a high proportion of infected animals (80%) have supra mammary lymph nodes colonized by Brucellae representing a great risk for public health during lactation (Corbel, 2006; Lealklevezas et al., 1999; WHO, 1997) because the pathogenic bacteria could be isolated from milk and cream samples inoculated directly in selective culture media; however, even the isolation procedure has limitated success when the bacterial concentration in the sample is lower than 1,000 CFU. But on the other hand, it is important to note that the bacterial concentrations higher than 100 CFU/mL or g could be enough to infect susceptible individuals (Hobby et al., 1973; López et al., 1991; Martínez et al., 2008a; Yeager et al., 1967) .
On the other side, milk samples collected must be centrifuged or remain stand by 24 h at least in order to separate fat from milk column properly in order to concentrated the hydrophobic Brucella into the cream portion, used to extend directly on culture media or inoculate in susceptible animals (Esnal et al., 2000) .
Chicks are traditionally used for development biology studies given their easy management, fast growth and early embryogenesis similar to man (Acosta et al., 2003) . Because of that, CE inoculation used to be a useful resource to isolate intracellular parasites like virus (Buddingh and Womack, 1941; Detilleux et al., 1988; Nix et al., 2006) . However, it is important to note that B. abortus is a facultative intracellular organism and for that reason CE could be used to culture and isolate them from infected samples, when they are coming from slightly contaminated fluids or tissues (Martínez et al., 2008a, c) .
MATERIALS AND METHODS
The study was conducted with animals from a dual purpose cattle in an extensive production unit (PU) located at Tlalixcoyan, municipality of Veracruz state of Mexico. The PU had 90 bovines of which 17 were females in milk production. Blood samples were taken from all animals to obtain serum and then processed at Microbiology Laboratory at "La Posta Zootecnica Torreon del Molino" from the "Facultad de Medicina Veterinaria y Zootecnia, Universidad Veracruzana". All serum samples were tested by card test for screening and positive reactions were confirmed by rivanol test, according with Mexican regulations (SAGDR, 1996) . Thus obtained serum prevalence was 24%; however only eight from the confirmed positive serum reactor females were milking.
Milk samples were collected aseptically from teats of udder which previously was cleaned by using water and soap and then surface sterilized with 70% ethanol. From each animal, the first milk stream was eliminated and then 15 mL of milk was collected from each quarter into sterile Falcon type tubes which were identified with the animal earring number and quarter source. Samples were transported immediately to laboratory at 4°C and let stand for 24 h before they were analyzed by bacteriological procedures. Milk cream was streaded on Farrell selective medium plates duplicate and then incubated at 37°C for 20 days. A half of plates were incubated under conventional room air condition and the other one by 5 to 10% CO2 atmosphere (Alton et al., 1988) . Simultaneously, seven to nine days old 100 CE were used to be inoculated into the yolk sac. Incubation conditions were 37 to 37.5°C and relative humidity between 5 to 60%. Every inoculums used in CE were prepared with 0.5 mL from milk cream obtained from separation of milk positive serum reactor cows samples and 4.5 mL from ultra pasteurized milk added with Farrell enrichment antimicrobials. Then the inoculums remain standing for 2 h at 4°C previously to be inoculated in CE.
Every collected milk sample from positive serum reactor animals was inoculated into 10 CE to perform eight groups; 10 more CE were inoculated with pasteurized milk intentionally infected with Brucella abortus 2308 strain as a positive control group and the last 10 CE only with ultra pasteurized milk added with Farrell enrichment antimicrobials as a negative control. All inoculated CE were checked every 24 h by three times in order to observe viability and to complete the 72 hours incubation period.
To evaluate the selected internal organs all CE were slaughtered by refrigeration at 4°C, then, the egg shell was cut to bring out the CE in order to check physically egg membranes and to observe morphologic changes. Every CE was deposited in a 10 cm sterile Petri diameter container on dorsal decubitus position and with dissection scissor a longitudinal cut was done to expose the internal organs. Liver and CAM were extracted and then inoculated on Farrell selective medium plates by duplicate. Half of the inoculated plates were incubated in air conditions and the other half under 5 to 10% CO2 atmosphere at 37°C for eight days. Smears were also done directly from selected organs to be processed by modified Ziehl Neelsen staining.
After the incubation period for both (inoculums extended and CE organs inoculated on Farrell selective culture medium plates) development colonies were identified by standard biochemistry tests and by PCR using the IS711 insertion factor (Ocampo and García, 2008) .
RESULTS
There was no evidence of Brucella spp development from any milk cream sample of positive serum reactor cows directly inoculated on Farrell selective culture medium even after 20 days of incubation (Table 1) ; however B. abortus was isolated from 3/8 (37.5%) milk cream of positive serum reactor cows from liver and CAM inoculated CE as it could also be seen in Table 1 .
The isolated B. abortus colonies on Farrell selective isolation medium plates obtained from CE liver and CAM from cream milk seropositive cows with Id earrings 339112, 339130 and 339131 were first confirmed by conventional biochemical procedures and then confirmed by PCR (Figure 1 ).
DISCUSSION
Brucellae often infect lymph nodes and mammary tissues; although shedding by milk could be chronic and intermittent process. Therefore, unpasteurized milk and dairy products constitute the main infection source when ingested (Hernández et al., 1996) ; however to obtain a successful isolation, bacterial concentration must be higher than 1,000 CFU/g or mL, but infection could be acquired with 100 CFU (López et al., 1991; Martínez et al., 2008b, c) , the results observed in this study allow to confirm that bacterial milk shedding was lower than 1,000 CFU but enough to induce infection (Table 1) . Apart from the direct isolation of Brucella spp from positive serum reactor milk cows (Martínez et al., 2007) , using three to seven days old CE as an alternative method to increase the load and then isolate B abortus.
PCR has been demonstrated to be 99% sensitive and specific (Lavaroni et al., 2004; Leal-klevezas, 1999) . Hence, PCR was used to confirm the isolated colonies from Farrell selective culture medium (Romero et al., 1995) .
Efficacy isolation from CE was evaluated using three different treatments (positive control, negative control and milk suspicious groups) by means of ANOVA. Procedure demonstrates significant association (p < 0.05) among variables, so the CE used as an infection model to isolate B abortus is effective. Actually the use of CE has been increased in order to provide the inoculated microorganisms an ideal media to grow and develop, similar to the tissues of infected in ill individuals (Gast et al., 2002; Nix et al., 2006) . Nix et al. (2006) used seven days old CE to evaluate Francisella spp virulence, Detilleux et al. (1988) Yeager et al. (1967) in order that minimal CFU concentration required to isolate Brucella spp must be at least 1,000, so the use of CE to increase bacterial concentration is relevant for bacteriological diagnosis and also for public health (Acha and Szyfres, 2001; Alton et al., 1988) . Finally Martinez et al. (2007) reported that in brucellosis persistently infected bovines, Brucella abortus recovery rate was 16 to 50% at different times of the year combining the use of CE and direct inoculation on Farrell selective culture medium and coincides with present study where the use of CE allows bacterial recovery from three milking serum positive cows (37.5%) as it could be observed in Table 1 .
Conclusion
B. abortus was not isolated nor identified from cream inoculated on Farrell selective culture medium plates from any serum positive cows to official tests, so Brucellae contained if anything in milk would be less than 1,000 CFU; however B. abortus was isolated and identified from seven to nine days old CE liver and CAM inoculated with cream milk from three positive serum reactor milking cows to official serological tests. Thus CE inoculation favored Brucella abortus proliferation in liver and CAM allowing to evidence active infection in 3/8 (37.5%) serum positive milking cows and means that original Brucellae concentration was 100 to 999 CFU. Also PCR procedure was 100% useful to identify B. abortus biovar 1 in isolated colonies.
